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Abstract

Background In May 2026, Ebola disease caused by Bundibugyo ebolavirus (BDBV) was confirmed in
Ituri Province, Democratic Republic of the Congo (DRC), with imported cases detected in Uganda,
and the event has been described by international health authorities as of major public-health
concern. Unlike Zaire ebolavirus outbreaks, official communications from WHO and CDC indicate
that no widely deployed licensed vaccine or virus-specific therapeutics are currently available for
BDBYV, placing substantial operational weight on early detection, infection prevention and control
(IPC), contact tracing, and safe burials. The hypothesis We propose that the 2026 BDBV outbreak
will follow constrained evolutionary routes shaped by (i) strong purifying selection across
replication/structural functions and (ii) comparatively higher tolerance of change in immune-
interacting or surface-exposed regions, resulting in predictable short-horizon mutational patterns
and measurable diagnostic fragility points. We further hypothesize that early outbreak dynamics
over the next three months will fit one of three testable short-horizon trajectories (rapid containment
with residual flare-ups; smoldering transmission with episodic seeding; or acceleration with cross-
border amplification), each associated with distinct epidemiologic and phylogenetic signatures.
Evaluation of the hypothesis Initial maximum-likelihood phylogenies built from near-complete 2026
genomes (DRC and Uganda) place the 2026 sequences in a distinct cluster relative to prior BDBV
outbreaks (2007 Uganda; 2012 DRC), compatible with, but not sufficient to conclude, a new spillover
event, while the limited number of genomes constrains inference about broader transmission
structure. WHO also reports a detection gap and operational constraints, which can expand cryptic
transmission and alter observed genomic diversity over time. Consequences of the hypothesis If
correct, near-real-time sequencing integrated with surveillance should (a) identify whether the
outbreak is dominated by a single introduction versus multiple introductions, (b) detect emerging
clusters consistent with specific short-horizon scenarios, and (c) proactively monitor genomic
positions most likely to impact PCR assay performance, including those targeted by currently
deployed diagnostic platforms.

Keywords: Bundibugyo ebolavirus; constrained evolution; phylogenetics; genomic surveillance;
diagnostic fragility; PCR robustness; outbreak scenarios

1. Introduction

The 2026 outbreak is explicitly attributed to Bundibugyo virus disease following PCR
confirmation and genomic sequencing from Ituri (DRC), with imported confirmations in Uganda.
WHO situation reports highlight uncertainty in the true scale of transmission, potential detection
gaps, and operational constraints (including insecurity, population mobility, and movement
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restrictions) that may weaken contact tracing and facilitate undetected transmission, a clinically
meaningful detection gap, and field constraints (insecurity, high mobility, movement restrictions)
that can weaken contact tracing and accelerate silent spread. In addition, WHO, Africa CDC and CDC
communications stress that BDBV currently lacks a widely deployed licensed vaccine or virus-
specific therapeutics, making containment heavily dependent on classical public-health levers that
benefit from genomic intelligence (chain-of-transmission reconstruction, outbreak seeding vs
continuation, and diagnostic target monitoring [1-3].

2. The Hypothesis

To conceptualize the interplay between evolutionary constraints, genomic variability, and
outbreak dynamics, we propose a constrained-evolution framework for ebolaviruses integrating
phylogenetic structure, genome organization, and epidemiological patterns (Figure 1).
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Figure 1. This framework combines (i) phylogenetic relationships across ebolaviruses (Figure 1A), (ii) differential

genomic constraint landscapes (Figure 1B), and (iii) their implications for outbreak dynamics (Figure 1C).

Hypothesis 1 — Spillover-dominant seeding with testable phylogenetic structure

The 2026 outbreak will show genomic patterns compatible with one or more spillover
introductions into humans, followed by transmission chains whose apparent diversity is modulated
by surveillance intensity and access. This is motivated by early phylogenetic placement of 2026
genomes as distinct from prior 2007/2012 BDBV genomes and the authors’ interpretation consistent
with a possible new spillover signal [4,5].

Test: As genomes accumulate, the outbreak will resolve into either a single tight cluster
(consistent with one introduction) or multiple basal clusters (consistent with multiple introductions),
under standard phylogenetic reconstruction frameworks, acknowledging sampling limitations [5].

Hypothesis 2 — Constrained evolution yields predictable short-horizon mutational probability

Over short horizons, most tolerated substitutions will concentrate in comparatively flexible viral
regions, while strongly constrained enzymatic/structural motifs are expected to remain highly
conserved due to strong purifying selection [7-9].
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The evolutionary dynamics of ebolaviruses are characterized by strong functional constraints
across essential replication and structural genes, coupled with more flexible evolution in surface-
exposed regions, as consistently reported in comparative genomics and molecular evolution studies
[10].

This proposition aligns with published analyses indicating strong conservation across many
Ebola protein residues and reports emphasizing structural/epistatic dynamics in specific GP regions
including the mucin-like domain [7,10].

Previous analyses of Ebola virus evolution indicate that while purifying selection dominates
across most of the genome, localized signals of diversifying selection and epistatic interactions are
concentrated in immune-relevant regions such as the glycoprotein mucin-like domain, supporting a
model of structured and partially predictable short-term evolution.

Test: Sliding-window entropy, amino-acid variability, and gene-level selection proxies (e.g.,
dN/dS, interpreted cautiously in outbreaks) will reveal a stable ranking of variable vs conserved
regions as the 2026 dataset grows [7].

Hypothesis 3 — Three short-horizon outbreak trajectories map to distinct genomic signatures

Within the next three months, the outbreak will tend toward one of three trajectory classes
primarily shaped by operational constraints documented in prior outbreak settings documented by
WHO (detection delays, IPC breaches, insecurity limiting deployment, and mobility/cross-border
connectivity), as previously observed in Ebola virus outbreak settings [11,12].

Test: Each scenario predicts a different pattern of phylogenetic branching and geographic
structuring in the genomic data, as well as different surveillance “missingness” signatures.

These scenario-dependent genomic patterns are consistent with previously documented
relationships between transmission intensity, sampling completeness, and phylogenetic structure
during Ebola virus outbreaks [12,13].

3. Evaluation of the Hypothesis

3.1. Early Phylogenetic Signal

Initial near-complete genomes from DRC and Uganda have been analyzed against historical
BDBV genomes (2007 Uganda; 2012 DRC) [4,5] using alignment and maximum-likelihood
phylogenetics [6], yielding a 2026 cluster separated from earlier outbreaks and interpreted as
compatible with a new spillover event, although this interpretation remains preliminary given the
limited number of available genomes. The same release stresses its preliminary nature and limited
genomes, meaning conclusions about fine-scale transmission structure remain provisional.

3.2. Operational Context that Shapes Both Epidemiology and Observed Viral Diversity

WHO highlights operational challenges including possible detection gaps and constrained
follow-up driven by insecurity and movement restrictions, conditions that can increase cryptic
transmission and distort inference from sparse sequence sampling [1]. This environment makes the
2026 outbreak an unusually informative setting to test whether constrained viral evolution plus
surveillance limitations can yield predictable short-horizon mutational and phylogenetic patterns
[12].

3.3. Primer/Probe Mapping and 2026 Diagnostic Context

To operationalize “diagnostic fragility,” we distinguish between two mechanisms [15]:

- Assay-strain mismatch (e.g., species-specific assays failing to detect a non-target Ebola species),
- Oligonucleotide-binding erosion caused by nucleotide substitutions within primer/probe
binding regions.

We therefore implement a two-level analytical framework:

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202605.1844.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 May 2026 d0i:10.20944/preprints202605.1844.v1

4 0of 7

- (i) Oligonucleotide-level mapping using published primer/probe sequences from pan-filovirus
RT-PCR assays [15] (see Supplementary Table S1A);

- (ii) Kit-level mapping for diagnostic assays deployed during the May 2026 outbreak, including
GeneXpert Ebola (Zaire-specific) [16,17], RADIONE Ebola RNA detection, and RealStar
Filovirus RT-PCR assays [18] (see Supplementary Table S1B).

At the oligonucleotide level, publicly available primers and probes targeting conserved regions
such as the L gene are aligned to the Bundibugyo reference genome (NC_014373.1), and substitutions
observed in early 2026 genomes are mapped onto these binding regions [15]. Particular attention is
given to mismatches:

- in the 3’ terminal region of primers, which can impair amplification,
- within probe-binding regions, potentially affecting fluorescence detection.

At the kit level, when primer/probe sequences are proprietary, mapping is restricted to:

- target gene or genomic region (when known),
- species coverage (species-specific vs pan-filovirus),
- and expected robustness based on assay design principles.

In the 2026 outbreak context, diagnostic fragility is expected to be driven primarily by assay—
strain mismatch (e.g., Zaire-specific platforms) rather than rapid escape mutations within strongly
constrained genomic regions [12,17,18].

Detailed oligonucleotide mappings and diagnostic kit characteristics, including the distinction
between sequence-level and kit-level fragility, are provided in Supplementary Tables S1A and S1B.

4. Consequences and Predictions

Prediction set A — Seeding pattern

Single-introduction expectation: persistent monophyly with shallow branching early.

Multiple-introduction expectation: multiple early clusters with distinct basal placements,
consistent with repeated zoonotic introductions [5].

Prediction set B — Conservation vs variability map

Conserved residues will remain stable across genes essential for replication/assembly, consistent
with conservation analyses across Ebola proteins [6,8].

Variable residues will be enriched in comparatively flexible or immune-exposed regions,
consistent with published evidence of structural/epistatic dynamics in GP mucin-like domain
evolution [10].

Prediction set C — Diagnostic fragility mapping

The performance of RT-PCR-based diagnostics for filoviruses is strongly influenced by both
assay design and target genomic conservation [14,18], with pan-filovirus assays targeting conserved
regions such as the L gene - an approach established in early broadly reactive filovirus RT-PCR
systems [15] - demonstrating broader robustness compared with species-specific platforms [16,17].

Under the constrained-evolution hypothesis:

- Core replication targets (e.g., L gene) should remain highly conserved, limiting the likelihood of
rapid primer-binding disruption.

- Diagnostic fragility will preferentially arise from:
use of species-restricted assays,
or targeting of relatively more variable genomic regions.

We therefore predict:

- GeneXpert Zaire-specific assays are expected to have limited sensitivity for BDBV due to
intrinsic species mismatch rather than primer failure.

- Pan-filovirus RT-PCR assays (e.g., RealStar) are expected to demonstrate greater robustness.

- Any observed sensitivity loss will be attributable to accumulated point mutations in binding
regions, not widespread genomic drift.

Supporting evidence for these interpretations is detailed in Supplementary Tables S1A and S1B.
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Prediction set D — Scenario-linked outbreak dynamics (3 months)

Scenario A: Rapid containment with localized flare-ups. Expect shallow diversity and limited
geographic structure, compatible with shorter chains and fewer undetected intermediates [12,13].

Scenario B: Smoldering transmission with episodic seeding. Expect “bursty” local clusters
separated by gaps consistent with under-detection and mobility [6,12].

Scenario C: Acceleration with cross-border amplification. Expect multiple concurrent expanding
sub-clusters and clearer phylogeographic structuring consistent with documented cross-border risk
and imported cases [12,19].

These scenario-dependent patterns are consistent with previously observed links between
transmission intensity, genomic diversification, and phylogenetic structure during Ebola virus
outbreaks [12]. While previous studies are retrospective, they provide a conceptual framework for
prospective scenario definition

5. Practical Implications

WHO guidance emphasizes that outbreak response relies primarily on supportive care, IPC,
contact tracing, safe burials, and community engagement.

Under these constraints, an operationally useful consequence of our hypothesis is the
implementation of an integrated: diagnostics <> sequencing <> phylogenetics < response loop [20].

This framework should enable:

Identification of spillover versus sustained transmission,
Early detection of shifts in outbreak trajectory,
Continuous monitoring of diagnostic target stability across circulating genomes,

M ow bR

Strategic selection or adaptation of diagnostic platforms (e.g., preference for pan-filovirus
assays).

This approach is particularly critical in a context where diagnostic performance directly shapes
outbreak visibility and therefore intervention success.

6. Limitations

This hypothesis has several limitations:

e  The number of publicly available 2026 genomes remains limited,

e  Some genomic datasets are subject to restricted-use agreements,

e For several commercial diagnostic assays, primer and probe sequences are proprietary,
preventing direct oligonucleotide-level evaluation,

e  Diagnostic performance inference at the kit level is therefore based on publicly available
information on assay scope and targets.

7. Conclusion

The 2026 BDBV outbreak —confirmed in Ituri with imported cases in Uganda—provides a
unique setting to test how constrained viral evolution, surveillance gaps, and diagnostic design
interact.

We propose that:

e  short-horizon viral evolution may be partially predictable and spatially structured,

e  diagnostic fragility will be driven predominantly by assay design rather than rapid genetic drift,

e and real-time genomic surveillance can be operationalized to proactively monitor both
transmission dynamics and diagnostic robustness.

Supplementary Materials: The following supporting information can be downloaded at the website of this

paper posted on Preprints.org.
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